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Abstract: Objective: Schistosomiasis is a debilitating disease that affects 200 million people world-
wide. Schistosoma haematobium and Schistosoma mansoni are the major causative agents of this dis-
ease. Cancer-association and infertility-association in Schistosoma haematobium infection have al-
ready been described and it is known that the parasite produces a catechol-estrogen molecule that in-
duces a hormonal imbalance in the host.  
Methods: In order to better understand the relation of hormonal imbalance in experimental Schisto-
soma mansoni infection, we investigated a serum panel of steroid hormones in Schistosoma mansoni
infected hamsters.  
Results: We found a decrease in the serum levels of Estradiol (E2), Testosterone and Progesterone in
infected females and an increase of Testosterone and a decrease in Progesterone in infected males in 
comparison with controls.  
Conclusion: These results indicate that S. mansoni alters the levels of steroid hormones in infected
males and females and it will increase the repertoire of data about the host-parasite molecular interplay 
and its relation with the endocrine system.
Keywords: Steroid hormones, Schistosoma mansoni infection, host-parasite interaction, estradiol, testosterone, progesterone,
infertility. 
1. INTRODUCTION
 Human schistosomes currently infect more than 200 mil-
lion people in 74 countries worldwide in the endemic areas of 
Africa, the Caribbean, Central America, South America, east-
ern Asia, and the Middle East [1]. Prevalence is thought to be 
rising mainly due to increasing travelers from the USA and 
Europe to these endemic regions for business or leisure [2]. 
 Praziquantel is the main antihelminthic drug currently 
used to treat this infection. This drug is effective in eliminat-
ing adult worms, but is unsuccessful in the prevention of re-
infection and does not treat severe liver damage nor bladder 
cancer [3]. 
 Steroid hormones are generally synthesized from choles-
terol in the adrenal glands and gonads [4]. These include 
corticosteroids (adrenal glands) and androgens, estrogens 
and progestogens (gonads) [5]. 
 Schistosome eggs produce catechol-estrogens. These 
estrogenic molecules are metabolized by cytochrome P450 
oxygenases to active quinones that cause alterations in DNA, 
known to promote breast and thyroid cancer [6-8]. Our group 
has shown that schistosome egg-associated catechol estro-
gens induce tumor-like phenotypes in urothelial cells, possi-
bly due to the formation of parasite estrogen-host cell chro-
mosomal DNA adducts [7]. These estrogen metabolites also 
contribute to schistosomiasis-associated infertility in Schis-
tosoma (S.) haematobium infection [8].
 The hormonal microenvironment also modulates gene 
expression of female and male S. mansoni adult parasites [9].
 At present, there are very few reports associating infertil-
ity with S. mansoni infection, and in general, it is caused by
the presence of egg and the formation of granuloma in re-
productive organs [10-13]. Few works described a relation of 
S. mansoni infection and hormonal changes, such as it has
been explored in S. haematobium [13].
 The aim of this study was to study a panel of steroid 
hormones in hamsters infected with S. mansoni. We now
hypothesize the induction of infertility in individuals infected 
with S. mansoni also through a hormonal imbalance.
Imbalance of Steroid Hormones in Hamsters Infected with Schistosoma 
mansoni
2. MATERIAL AND METHODS
2.1. Animals and Infection 
Twelve Nine-week-old Syrian hamsters (Mesocricetus 
auratos), six females and six males were used. Three male
and three female hamsters were infected with 250 S. mansoni
cercarie by subcutaneous injection. Other three male and 
female hamsters were kept without infection as negative con-
trols.  
 After 7 weeks the hamsters were euthanized using Keta-
mine (50 mg/kg) and Xylazin (5mg/kg) followed by CO2 
administration according to CONCEA (Conselho Nacional 
de Controle de Experimentação Animal) recommendation.  
 During the experimental work, animal activity and wel-
fare were evaluated. No animal died, and all animals exhib-
ited healthy cage activity. The weight of the animals re-
mained normal throughout the experiment (data not shown). 
 After euthanasia, all animals were submitted to total 
bleeding by the puncture of inferior vena cava, for the in-
fected animals, the perfusion of the portal system with PBS 
(Phosphate Buffered Saline) was performed to confirm the 
presence of adult worms. Respective non-infected animals 
(negative controls), with the same age, were submitted to the 
same procedure.  
2.2. Hormone Serum Levels 
 Estradiol, Testosterone and Progesterone were deter-
mined, using a solid phase competitive chemiluminescent 
enzyme immunoassay with the Cobas E411 (Roche) accord-
ing to the manufacturer’s instructions. Briefly, the solid 
phase (bead) is coated with rabbit anti-hormone polyclonal 
antibody. The reagent contains alkaline phosphatase (bovine 
calf intestine) conjugated to the hormone analyzed. The 
hormone-enzyme conjugate competes with the tested hor-
mone in the patient sample for limited antibody binding sites 
on the bead. The excess sample and reagent are removed by 
a centrifugal wash. Finally, the chemiluminescent substrate 
is added to the bead and the signal is generated in proportion 
to the bound enzyme. 
2.3. Statistical Analysis 
 For the groups' comparison, chi-square tests with Yate’s 
correction were used or Fisher’s exact test (two-sided) was 
used when expected values were below 5. For independent 
samples, Student’s T-test was used for the comparison of 
means (Epi-Info software, version 3.03). 
3. RESULTS
3.1. Animals’ General Aspect 
 During the experimental work, no animal died, and all ani-
mals exhibited normal cage activity. The weight of the animals 
remained normal throughout the experiment (data not shown). 
3.2. Hormonal Analysis 
In a series of hamsters infected with S. mansoni, we at-
tempted to identify and quantify the sex hormones estradiol 
(E2), testosterone and progesterone in their sera by ECLIA 
(electrochemoluminescence) (Fig. 1; Table 1). We found a 
decrease in the serum levels of E2, Testosterone and Proges-
terone in infected females and an increase of Testosterone 
and a decrease in Progesterone in infected males in compari-
son with controls (Fig. 1; Table 1). 
4. DISCUSSION
 The host endocrine system can not only impact the pro-
gression of parasitic infection by modulating the immune sys-
tem but also can be exploited directly by parasites [14]. The 
capability of a parasite to affect a female or male host of the 
same species differentially (sexual dimorphism of an infec-
tion) can be facilitated by hormonal regulation of the immune 
reaction of the host or through hormonal effects on the parasite 
[14]. In the present work, we demonstrated that infection with 
S. mansoni alters significantly the levels of steroid hormones
both in infected females and males hamsters.  
 Estrogen is the primary female sex hormone. It is respon-
sible for the development and regulation of the female repro-
ductive system and secondary sex characteristics [15]. Previ-
ous studies from our group already demonstrated an increase 
of hormonal levels of Estradiol in S. haematobium and S. 
mansoni infected male patients and showed that the total ex-
tract from both parasites has an estrogen-related molecule [2]. 
In the present work, we were not able to detect estradiol (the 
levels were below the detection limit) in infected male ham-
sters and therefore one could not compare the levels of Estra-
diol between infected and not-infected males. Surprisingly, in 
infected female hamsters, we detected a significant decrease in 
estradiol (Fig. 1). To our knowledge, this is the first report 
describing a decrease in estradiol levels in infected females. 
Estrogens are responsible for maturation and maintenance of 
the vagina and uterus and are also involved in ovarian func-
tion, such as maturation of ovarian follicles. In addition, estro-
gens play an important role in the regulation of gonadotropin 
secretion. For these reasons, estrogens are required for female 
fertility [15]. This new data could very well explain infertility 
observed in women infected with schistosomiasis [8]. 
 Progesterone is an endogenous steroid and progestogen 
sex hormone is involved in the menstrual cycle, pregnancy, 
and embryogenesis of humans and other species [16]. Regard-
ing progesterone levels among infected and non-infected ham-
sters in the present study, both males and females showed the 
same profile: S. mansoni infection caused a decrease of pro-
gesterone levels. It is interesting to note that it was already 
described an increase in the expression level of estrogen and 
progesterone receptors in the uterus and endometrium of
S. mansoni infected female mice. These authors also reported
that infected females do not develop the secretory phase in 
acute and chronic schistosomiasis [16]. This phenomenon may 
happen as a mechanism of compensation due to the decreasing 
hormonal levels of estrogen and progesterone. In females, 
progesterone is sometimes called the "hormone of pregnancy", 
and it has an important role relating to the development of the 
fetus [17]. In males, progesterone regulates vital sperm func-
tions, such as capacitation and motility. Progesterone is 
known to affect receptors on the sperm’s acrosomal mem-
brane. Sperms that lose their acrosomes before encountering 
the oocyte are unable to bind to the zona pellucida and thereby 
Fig. (1). Mean (with SD) of hormonal levels of Estradiol (A), Progesterona (B) and Testosterone (C) in females and males infected with 
S. mansoni and non-infected.












Estradiol (pmol/L) 3385±1238.85 499.07±489.93 0.03 N.D. N.D. N.D.
Progesterone (nmol/L) 96,67±48.84 11.01±2.61 0.04 101.2±55.08 61.66±37.03 0.01 
Testosterone (nmol/L) 0,974±0.52 0.09±0.01 0.04 3.14±0.52 8.57±5.16 0.04
Legend: SD - Standard deviation; ND - not determined. 
unable to fertilize [18]. The reduction of progesterone levels 
shown by the present study could be a cause of infertility 
associated S. mansoni infection, both in females and males.
 Testosterone is the primary male sex hormone. In males, 
testosterone plays a key role in the development of male re-
productive tissues such as testes and prostate, as well as 
promoting secondary sexual characteristics. Testosterone is 
secreted primarily by the testicles of males and, to a lesser 
extent, the ovaries of females [19]. When we compare testos-
terone levels between males and females we observed that S. 
mansoni infection causes a decrease in female and an in-
crease in male testosterone levels. The literature is somewhat 
discordant about the effect of S. mansoni on testosterone
levels among different experimental models and humans. 
Kasilima et al [20] reported that in rabbits (42 and 70 days
after infection with S. mansoni) testosterone levels were de-
creased, both in males and females. Lansoud-Soukate et al.
[21] observed the decrease of testosterone in infected male 
rats and hamsters; however, Abdallah et al. [22] detected an
increase in both infected males and females of testosterone, 
progesterone and estradiol. 
In humans, Saad et al. [10] observed an elevation of es-
tradiol and a decrease in testosterone levels in an infected 
man; on the other hand, Skelly et al. [23] did not observe any
changes in testosterone in serum of an infected man, as well 
as our group [2]. The reason for this controversy might be 
based on the different methods used for the detection of 
serum levels of hormones. The techniques are increasingly 
more sensitive and this might lead to the differences of re-
sults encountered in the literature along the years. It is more 
likely that the levels of estradiol accompany the levels of 
testosterone since estradiol is also synthesized from testos-
terone [24], as our studies indicate. In human males, in-
creased levels of testosterone cause infertility and low sperm 
count [25]. The increased levels of testosterone in infected 
males shown in our studies could be a cause of infertility 
associated S. mansoni infection, in males.
CONCLUSION 
The infection with S. mansoni disrupts the host hormonal
milieu, and triggers immune responses that result in disturb-
ing the endocrine system. Furthermore, sex steroids may also 
directly modify parasite reproduction and molting. Existing 
information in the literature point out that parasites synthe-
size steroid hormones and the occurrence and action of re-
lated enzymes have been demonstrated [26]. Here, we con-
tribute to this discussion with our data. Further studies are 
necessary to understand the physiological and molecular 
mechanisms involved in the complex relationship of host-
parasite particularly host hormones.  
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